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Despile^dififeEences in inlHating events and pathophysiology, the 
aebological agents of aU autoimmune diseases are lymphocytes 
^peqifieaDy reactive against normal constituents of the indivi- 
dual Recently we have isolated and grown as a cell line rat T 
lymphocytes reactive against myefin basic protein (BP)'. This 
i-ceU Une originated from rats in which we had induced 
e^^ierunental aBtoimnmi,^ encephalomyelitis (EAE) by 
WJimyniziiig them against BP. Inoculation of syngeneic rats with 
the T-ceU boe led to the relatively rapid onset of EAE'. We 
rejKtrt here that attenuation of this ceU Ihie provides an aoent for 
establishing resistance to induction of active EAE. Intravenous 
li.vo inocnlafion of syngeneic rats with ceUs of the line attenu- 
ated by treatment will, irradiation or mitomycin C auemented 
t1°" "° encephalitogenic chalte^e with 

tJF. Ihus, aehological agents of autoimmune disease, like those 
of microbial disease, when suitably attenuated can be used as 
etfecbve vaccines. 

PAE can be induped in susceptible animals such as rats 
^.pea p.gs, rabbits, monkeys^ or man' by injecting them with 
' vfJ^CA^r ^" ^'lj"^ant-such as complete Freund's adju- 
v?t^t (CFA). In Lewis rats the disease is characterized by paraly- 

0. 5 that IS most marked in the tail and hind limbs and which starts 
u.uauy -12 days after a single injection of BP in CFA. Histo- 
n.g,caly the central nervous system shows perivascular 
1.1 hJtrdtes of mononuclear ceIls^ Unless the rats are aged or have 

1. ndergone splenectomy or thymectomy' they recover spon- 
t-meously from clinical paralysis after a number of days To 
.tudy the pathophysiology of EAE we have isolated and pro- 
pagated t„ t;?r.o a lineof Lewis rat T lyinphocytes that reacts only 
a a.nst BP, designated Zla (ref. 1). We found that i.v. inocula- 
tibn of as few as 10' cells of the Zla line led to the onset of 
para ysis in ~4 days. Inoculation of 10^ or more cells produced 
paralysis m -2-3 days. Most rats recovered from this form of 

nSJrH°T. J '^^''^S P^-'^'y"^- T^'''^ 1 ''hows the 

.pecificity of the proliferative response of the anti-BP Zla line 
compared with that of the Zlc line which had been selected for 
It reactivity against another antigen, the purified protein 
dpnvative (PPD) of the mycobacteria present in CFA. The cells 
of each line responded to its specific antigen and were also 
activated by the T-ceU mitogen concanavalin A (Con A) 
S .^'y ^ 'he cells in both the Zla and Zlc lines proved to 
tdlT'^ ' \ I"^^" -^^ker using a specific monoclonal 
antibody (Sera-lab, UK; clone W3/13 HLK) in an 
• ■ ipjnunofluorescence assay*. 

We iiivestigated the effect of-attenUating th^^ Zla line bv 
uThtbttmg its celi division. Table 2 shows that i.^^^i 
nrni ""TlT^^ '''"^ into- Syngeneic Lewis rats 

produced EAE in 18 of 20 rats withiii 2-3 days. Irradiation of 
" °^ ^^^^^^^nt with mitomycin C. agents 

.Sje Iaf' M "f°,"^ '-""^^'^^ ability of these ceUs to 
Z 1^ , 7 '^'^'"'^^ 21a cells treafed in 

fh,. ^ay developed EAE. Furthermore, ihpculation of 



Anti-BP (Zla) 1.7 ±0.3 
Anti-PPD (Zlc) 1.4±0.7 



Prpliferahve response (c.p.ni x 
No antigen BP pp f) 



77.9±i0.4 



The Zla and Zlc cell lines originated from the same draihine 1^ 
node cell population obtained f.^orn female Lewis rats immunizeal 
BP m CFA as described elsewhere'. To develop the ceU lines, Lewif 
were injected m each footpad with 0.05 ml containing BP (2m 
exu-acted from guinea pig spinal cords'" emulsified in equal volumi 
phosphate-buffered saline and CFA containing 4 mg mP' of MycM 
cerium tuberculosis H,-,Ri (Difco). On day 9, the draining lymph ni 
were removed and a single-cell suspension prepared. The cells were ffl 
selected W Dfm, for BP or PPD by culturing them with either antigel 
72 h. The lymphoblasts that were generated were separated by a 
contmuous Ficoll gradient and propagated and maintained in vitre i 
cell Ime for several months in medium enriched with T-cell growth f j 
as reported elsewhere . The proliferative responses of the T-cell^ 
were tested in vitro as follows . Briefly, 2.5 x lO" cells of either Zil 
iClc cells were cultured m quadruplicates in flat-bottom raicrotitre w 
m 0.2 ml of Eagle's medium supplemented with 1% fresh autologous 
serum, 2-mercaptoethanoI (5x10 ' M), L-glutamine (2 x 10"' M>|s 
antibioti^ (streptomycin and penicillin) with added irradiS 
( 1 ,500rad) normal syngeneic lymph node cells as accessory cells (5 xl 
cells ml ) and antigens. BP (50,.gmr'), or PPD (25 j.gmr'; Stl 
M;rum Institut) or Con A (2.5 M-g ml '; Miles- Yeda. Israel). After M 
, '"'"fn ' "^^'^ ^'"' H-thymidine (1 jtCi per well, spef 

ac t.vity 10 Ci mmol ; Nuclear Research CenU-e. Israel) for 16 h. 1 
cells were then collected On glass fibres using an automatic collectori 
thymidine incorporation measured in a liquid scintillation 

untreated cells of the Zlc line also failed to induce EAE Thl 
induction of EAE is a function of the specific anti-BP Zla lineT 
property lost after irradiation or treatment with mitomycitill 

We then tested whether inoculation with cells incapable* 
inducing EAE could affect the susceptibility of rats to acts 
induction of EAE by later challenge with BP in CFA Tabi& 
shows that iintreated Lewis rats were highly susceptible'l 
induction of EAE on injection with BP in CFA; 69 of 71 
developed disease. Intravenous inoculation of cells of the 1 
anti-PPD line, either untreated or irradiated, did not affect tffl 
susceptibility and EAE was induced in all 20 rats challeni 
With BP in CFA. In contrast, a single i.v. injection of 1 x 10' i 
cells attenuated by treatment with mitomycin C or irradiatf 
led to Significantly increased resistance to induction of eM 
Only 14 of a total of 40 rats showed any signs of paralysis and 1 
degree of the paralysis in these rats was judged to be mf 
milder than that appearing in the other groups. Thus it sea 
that vaccination with attenuated autoimmune T lymphocyl 



Table 2 Attenuated T lymphocytes of the Zla 
produce EAE 



Anti-BP (Zla) 



Anti-PPD (Zlc) 



Inoculation of T-cell lines 

Incidence of EA 



Untreated 
Irtadiated 
Mitomycin C 
Untreated 



18/20 
0/15 
0/10 

0/20 



, .this 



, ^^^^"^V^^lt^ '2-3 '"°""'^ '^"^ injected i 

I X 10 cells of T-Iymphoblasi ceU lines specifically reactive a^ain.:' B 
(Zla) or PPD (Zlt). Before inoculating the ceU lines into norf" 
^ngeneic animils, they were fe-stimulated m vitro with the rele^ 
antigen, in the presence of irradiated (1,500 rad) syngeneic accesJ 
ceUs for 72 h (ref..l)-..The «Ils, >80%- lymphoblasts, ^efe then co3 
and mjected, either untreated or attenuated by irradiation (1 500 i 
from a . Co source, or treatment with niitpmyciri C (50 v-g per'lo' cS 
per ml; S.gma) at 37»C for 40 min. n,e treated ceUs were was|, 
extensively before being inoculated, EAE was diagnosed clinicaU^^ 
overt paralysis of the hiijd liiiibs and histologicaijy by p-^rivasc^ 
mononuclear cell infiltration of the central nervrt^.^ cvct^ri,' A 



entral nervo\is systeih . 

©19SlM»cm£UanJij 



Incidence of EA£ 




m response to 




injection of BP % 




in CFA 




69/71 






0 


10/10 


0 • 


8/25* 


68 


6/15* • 


60 


Lewis rats (2-3 months old) 


or in animals 


k'. 3 weeks earlier with lO' 


cells of the 



S^gdueed m naiv 

^fei^accinated _ 

pb-S-cqll line or with cells of the anti-BP Zla T-^ell line thm 

?v.'?fM'^!='' (1.500 rad) or treated with mitomycin C, as 
MIq2 legend EAE was induced by injectihg BP In CFA 

^' rootjjads of the animals, as described in Table 1 legend 



^plection against active EAE for about 65% of the 

mechanism by which the attenuated T 
W '""«^3sed resistance to induction of EAE; 
Bt^S?ems reasonable to suspect that some process of 
involved. The Zla anti-BP lymphocytes probably 
the ineffective Zlc anti-PPD lymphocytes in the 
ij|Vi:fhi;ir antigen receptors (Table 1). Antigen receptors 
^Mjifeytes as well as of B lymphocytes or antibodies' can 
Immunity against antigen receptors, anti- 
d^lmSunity has been proposed to serve as a mechanism 
E|tag|$ immune responses by suppressing or activating 
'Wop^ of lymphocytes bearing the target receptors' 
aewith attenuated Zla cells might have produced an 
^^onse against endogenous clones of lymphocytes 
.UP receptors As anti-BP clones are the aetiological 
-B4tE, development of the disease would-be inhibited • 
pur results could be explained by anti-receptor 
iisLd against the autoimmune lymphocytes that 
^<LA} However, other explanations are possible and 
^rt-cLptor hypothesis must be tested experimentally. 
BeVin the mechanism of protection, the procedure 
iLrc can be conceptually related to vaccination 
B^ftfuitious .iiseases in which inoculation of an attenuated 
If ^isuasL induces a degree of protection against the 
Mfithofet. n ui the case of autoimmunity, the aetiological 
nn disease IS not a microbe, but arises within the immune 
individual. Our results indicate that an artificially 
^^toiramune disease may be mitigated or prevented by 
^oa against specific effector lymphocytes. A different 
peg^ problem is posed by the need to treat the spon- 
^ften t:hronic processes that characterize the important 
^lune diseases of man. 
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loglobu] 



s hSTe been identified as r 



lembrane-Jaound 

molecules on the surface of B lymphocytes and as secreted 
products of plasma cells. In the case of immunogiobulin M(IgM) 
the carfaoxy-terminal sequences of the |j.-chains of membrane- 
bound and secreted molecules differ from each other and are 
encoded by different exons of the fx constant region (Cfi) gene. 
The coding sequenice tot the C-terminus of the secreted ii-chain 
is contiguoDS with the 3' end of the Cfi4 exon and separate exons 
dowBstream of Cji4 encode the C-terminus of the membrane- 
bound chain'"'. Immunoglobulin D is also found membrane- 
bound and as a secreted molecule, and recent data indicate that 
the exon arrangement of the CS gene is in part similar to that of 
the Cfi gene"-*. However, the amino acid setjuence analysis 
presented here demonstrates that in the case of IgD the C- 
terminus of the secreted 8-chasn is encoded by a separate exon 
(the C5DC exon of Tucker et al.^) and not by the CBAC 
sequence which corresponds topographically to the sequence 
expressed at the C-terminus of secreted (l chains. 

The cell line Bl-8.31 (IgD, A 1) has been isolated as a- switch 
variant of the cell line Bl-8.64.1 (IgM, A 1) and is of C57BL/6 
origin . It secretes a monoclonal IgD antibody with specificities 
for the hapten (4-hydroxy-3-nitrophenyl)acetyl (NP). Anti-NP 
antibodies from Bl-8.51 ascites fluid were purified by affinity 
chromatography'. The heavy chains of these molecules are 
linked to each other and to the light chains by disulphide bridges 
(ref. 6 and unpublished data). After complete reduction and ■ 
carboxyamidoniethylation the heavy and light chains were' 
. eluledjrom Sepbadex..GrlOO-with 4.5 M urea, 1 M propioriic- 
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Fig. 1 Gel filtration of cyanogen bromide-cleaved peptides of "D 

C-carboxyamidomethylated Bl-8.51 heavy chain. Cyanogen 
bromide cleavage of 50 mg of the completely reduced and alkyl- 
ated heavy chain was performed in 70% formic acid at a concen- 
tration of 10 mg ml with a fivefold excess (w/w)of CNBrfor24 h 

at 20 °C. The mixture was dried under a stream of nitrogen. The 

-peptides were dissolved "in 3:5 ml of O'.l M formic acid containing 
6M deionized urea and applied to a Sephadex G-50 superfine 
column (2 x 200 cm) equilibrated in the same solvent. Fracdohs 6f 
3.3 mj were collected and aliquots of 20 m-I were used for Uqiiid 
scintillation counting in 5 ml of Bray's solution'". Roman numerals 
of the pooled fractions refer to the position of the corresponding 
peptides in the sequence of the B 1-8 .5 1 heavy chain as given in Fig. 
2. Peptide no.III was insoluble in 6 M urea, 0.1 Mformic acid, an^ 
could thus be isolated without chromatographic separation! 




